MDCK cell cultures as an epithelial in vitro model: cytoskeleton and tight junctions as indicators for the definition of age-related stages by confocal microscopy.
Madin Darby Canine Kidney (MDCK) cells were grown in culture, and age-related morphological changes in the cytoskeleton and tight junction (TJ) network were used to define stages in view of establishing an optimal in vitro model for the epithelial barrier. Growth curves and transepithelial electrical resistance (TEER) were determined, and the cytoskeleton (actin, alpha-tubulin, vimentin) and TJ (Zonula occludens proteins ZO1, ZO2) were investigated with immunofluorescent methods by confocal laser scanning microscopy (CLSM) and digital image restoration. TEER measurements indicated that TJ were functional after one day. Values then remained constant. Four morphological stages could be distinguished. Stage I (0-1 day): Sub confluent cultures with flat cells; TJ established after cell-to-cell contacts are made. Stage II (2-6 days): Confluent monolayers with a complete TJ network, which remains intact throughout the later stages. Stage III (7-14 days): Rearrangement in the cytoskeleton; constant cell number; volume and surface area of cells reduced (cobble-stone appearance). Stage IV (> or = 15 days): Dome formation, i.e. thickening and spontaneous uplifting of the cell monolayer. Based on the structural characteristics of stage III cell cultures, which are closest to the in vivo situation, we expect them to represent an optimal in vitro model to study drug transport and/or interactions with drugs and excipients.